Measurement invariance is a necessary precondition for meaningful cross-country comparisons, and three levels have been differentiated: configural, metric, and scalar.
Introduction
A meaningful comparison of constructs across groups requires that the same construct is measured in the same way in each group; that is, the construct has to be measurement invariant. Methodologists suggest that measurement invariance should not be assumed but rather tested empirically (e.g. Millsap 2011) . One particular scale has been subject to such rigorous measurement invariance tests: the 21-item Portrait Value Questionnaire (PVQ-21), which has been included in the European Social Survey (ESS) since its inception to measure human values. Indeed, this scale has been used in numerous cross-cultural studies, and it is still critical to determine whether it is adequate for use in comparative research.
Unfortunately, when testing for strict or scalar measurement invariance of the PVQ-21 scale across countries, researchers are often unable to establish it ). This result is unfortunate because it implies that cross-cultural research of human values and particularly mean comparisons may not be meaningful in such a case. At the same time, this result also raises the question of whether the criteria for the evaluation of measurement invariance are appropriate or too strict. Indeed, recent methodological developments suggest that measurement invariance tests are too strict and propose to alternatively test for approximate rather than exact measurement invariance (Muthén and Asparouhov 2013 ).
In the current study we subject the PVQ-21 scale to a test of its cross-country comparability. However, instead of testing for its exact measurement invariance properties as done in previous literature, we subject it to the more liberal approximate invariance test.
Findings of approximate invariance may provide an insight into the extent of noninvariance across countries and may possibly permit using it in cross-cultural research more extensively, particularly to compare value means across European countries. We begin by presenting the concept of approximate measurement invariance and explain how it differs from the traditional exact measurement invariance test. Next, we briefly summarize previous (and rather disappointing) results of exact measurement invariance testing of the PVQ-21 in the ESS. Finally, we present the results of approximate measurement invariance tests of the scale across 15 countries and in six ESS rounds (2002 -2012) and discuss these findings. Davidov et al. (2014:58) defined measurement invariance as "a property of a measurement instrument… implying that the instrument measures the same concept in the same way across various subgroups of respondents" (p. 58). Horn and McArdle (1992) relate, in their seminal work, the issue of measurement invariance to the question of "whether or not, under different conditions of observing and studying phenomena, measurement operations yield measures of the same attribute" (p. 117).
Approximate versus exact measurement invariance
Multiple-group confirmatory factor analysis (MGCFA) is the most common approach to test for measurement invariance (for other approaches see, e.g., Davidov, Schmidt, and Billiet 2011) . Researchers typically differentiate between three levels of measurement invariance: configural, metric, and scalar. Configural invariance means that the same latent variables are measured by the same items in all groups. Metric invariance additionally requires that all loadings of items are the same across groups. Scalar invariance implies that both factor loadings and indicator intercepts are the same across groups (Vandenberg and Lance 2000) .
The key conclusion of whether measurement invariance at a specific level exists can be drawn based on a comparison of the model fit at a given level of invariance against the model fit of a less constrained model (Chen 2007) . Thus, metric invariance is established when the fit of a model with all loadings constrained to be the same across groups is not considerably worse than that of a model without these constraints (at the configural level).
Analogously, scalar measurement invariance is established when the fit of a model with all loadings and intercepts constrained to be the same across groups does not deteriorate considerably compared to a model at the metric level (where only factor loadings are constrained to be equal across all groups). Chen (2007) provides cut-off criteria to determine whether a model becomes considerably worse or not.
In cases where measurement invariance is not established, some researchers have proposed testing for partial (metric or scalar) measurement invariance. They suggest that partial invariance is sufficient for performing meaningful comparisons (Byrne, Shavelson, and Muthén 1989; Steenkamp and Baumgartner 1998) . Partial invariance is supported when the parameters of at least two indicators (loadings at the metric level and loadings plus intercepts at the scalar level of measurement invariance) are equal across groups.
The idea of establishing approximate (rather than exact or partial) measurement invariance was proposed recently by Muthén and Asparouhov (2013) . It replaces the key requirement of equality of parameters across groups in the so-called traditional exact measurement invariance approach with the requirement that parameters are approximately equal (Davidov et al. 2015a; Muthén and Asparouhov, 2013; van de Schoot et al. 2013) . This more liberal test of approximate invariance is performed within a Bayesian framework. In this framework, the difference in a parameter across groups is treated as a variable with a predefined distribution. For example, a distribution which requires both the mean and the variance of the difference of a parameter across groups to be zero reflects exact measurement invariance. A distribution may also define a (very) large variance for the parameter difference.
In such a case, it reflects noninvariance for that parameter. Approximate measurement invariance is situated in-between these two extremes. It typically requires that the mean difference of a parameter is zero and the variance of the parameter difference is small. The size of the variance reflects the level of approximation: The smaller the variance of the difference, the more restrictive the model is and the more similar it is to an exact measurement invariance model.
A detailed explanation of the Bayesian approach for testing approximate measurement invariance is beyond the scope of this study and can be found in the papers of Asparouhov (2013, 2016 in this volume) and Van de Schoot et al. (2013) . One of the advantages of the Bayesian approach is that researchers can introduce previous knowledge into the analysis. If the researcher knows what size of differences between parameters does not significantly bias substantive conclusions, this knowledge can be introduced into the analysis by determining the size of the variance of the parameter differences in the prior distribution. For the more realistic situation in which previous knowledge is absent, Van de Schoot et al. (2013) provide recommendations about which variance may be chosen for the priors. They base their recommendations on simulation studies, which demonstrate that substantive conclusions are not biased when parameters (factor loadings and intercepts) vary across groups to a certain extent. Their simulations suggest that a variance of .05 for the parameter differences may be small enough to not distort the substantive results (e.g., of latent mean comparisons) and large enough to make the assumption realistic.
The test for approximate measurement invariance, implemented in the Mplus software package Muthén 1998-2014) , provides researchers with two types of output to evaluate the model fit. The first type corresponds to the global fit measures in the exact approach (Bollen 1989) and includes the posterior predictive p value (ppp) and the credibility interval (CI) for the difference between the observed and the replicated chi-square scores.
According to Muthén and Asparouhov (2013) and Van de Schoot et al. (2013) (Schwartz 1992) and societies (Schwartz 2006 ) and for explaining behavior, attitudes, and opinions on the individual level or social change on the group level (Schwartz 2006) . This is why the designers of the ESS decided to include, since its inception, a measurement of values in each of its rounds, the 21-item Portrait Value Questionnaire (PVQ-21) developed by Schwartz (2003) . The PVQ-21 measures 10 basic values: achievement, power, hedonism, selfdirection, stimulation, universalism, benevolence, conformity, tradition, and security.
According to the theory, the 10 values form four higher-order values: self-enhancement which opposes self-transcendence, and conservation which opposes openness to change. The values and their higher-order dimensions are presented in Table 1 . 
Measurement invariance tests of human values: Previous findings and the current study
Several studies tested the measurement invariance properties of the PVQ-21 scale using ESS data (Davidov 2008 (Davidov , 2010 Davidov, Schmidt, and Schwartz 2008) . All of these studies led to the following two conclusions: First, only 7 out of 10 values could be identified. Second, only metric invariance could be established for these seven values, but not scalar invariance. Below we discuss these results in more detail and present the goals of the current study. Davidov et al. (2008) showed that it is necessary to unify some pairs of adjacent values (power with achievement, benevolence with universalism, conformity with tradition).
Unifying pairs of neighboring values does not contradict the main assumption of the theory, which postulates that the continuum of values can be divided in various ways, although it runs counter to expectations because the PVQ-21 was developed to measure 10 values. Knoppen and Saris (2009) proposed an explanation of why it is necessary to unify some values. They argued that the unification is a consequence of the circular structure of values and the choice strategy of items in the ESS. The aims of the strategy were twofold and somewhat contradictory: The first aim was to include in the ESS as few indicators as possible due to economic reasons; the second aim was to substantively cover the entire circle of values.
Consequently, the items developed to measure the same value were not homogenous enough, and the items developed to measure neighboring values were not different enough. Therefore, it was not possible to establish sufficient levels of discriminant and convergent validity for the value measurements (see also Beierlein et al. 2012) . Moreover, Knoppen and Saris (2009) proposed to use separate models at a time for each pair of adjacent values in the circle (rather than the whole model) when testing their validity properties. We followed this strategy and ran models for each higher-order value separately for the following reasons: First, we were interested in testing for approximate invariance across countries rather than in testing the theoretically postulated circular structure of the values. Second, positive cross-loadings on neighboring values and negative cross-loadings on opposite values are inherent in the theory. However, they may make the model quite complex and, thus, add complexity which is not directly relevant to the main goal of the current study -assessing cross-group comparability.
Third, in the meantime, running models for each higher-order value separately has become a common practice in the value literature (see, e.g., Cieciuch et al. 2014; Cieciuch and Schwartz 2012; Schwartz and Butenko 2014 ).
In the current study we address the problem of scalar (exact) noninvariance by subjecting the values to approximate measurement invariance tests. It may well be the case that previous studies failed to establish scalar invariance for the values due to the excessively strict criteria of the exact approach. Indeed, a study by Cieciuch and colleagues (2014) , which compared the results of exact and approximate measurement invariance tests of 19 values differentiated in the refined value theory and used nonrepresentative, mostly student samples, reported considerably higher levels of measurement invariance in the approximate compared to the exact approach. The study of was innovative, but it did not use population samples. In addition, data used in the study were collected in only eight countries. This limitation was addressed by a recent study conducted by Zercher et al. (2015) which tested for approximate measurement invariance simultaneously across countries and time points using the ESS data. However, this study focused on a measurement invariance test of only one value -universalism. Thus, its goal was rather to demonstrate how such a test may be conducted on a very large number of groups. Our study is much more conclusive. Specifically, we address the above limitations by systematically testing for measurement invariance of the measurements of all human values across a large set of countries and time points and using population samples. In addition, and complementary to previous research, we also conduct sensitivity analyses with three different sizes of prior variances for the differences between the loadings and intercepts across countries. We conducted separate approximate measurement invariance tests on values measured in the first six rounds of the ESS data across all countries that participated in all rounds. This is, to the best of our knowledge, the most extensive approximate invariance test in the literature so far.
Data, measurements, and analytical approach
In the analysis we included the 15 countries that participated in each of the first six ESS rounds (2002/3, 2004/5, 2006/7, 2008/9, 2010/11, and 2012/13) . The data for these countries were retrieved from the ESS website (www.europeansocialsurvey.org). 1 We followed recommendations on the ESS website and included, in our analysis, only respondents with no more than 5 missing values and no more than 16 identical responses for the 21 value items.
Thus, we analyzed data from 274,447 respondents. Table 2 summarizes the number of respondents for each round and country included in the analysis. Table 2 about here The PVQ-21 items developed by Schwartz (2003) are presented in Table 1 . Each item consists of two sentences describing a portrait from a male or female perspective. The portraits contain goals, aspirations, or desires that point implicitly to the importance of a value. For each item, the respondents answer the question "How much like you is this person?" on a scale ranging from 1 (not like me at all) to 6 (very much like me).
Analytical method
We began by evaluating the model fit of each higher-order value (i.e., conservation, openness to change, self-transcendence, and self-enhancement) across the 15 ESS countries and in each round separately using multiple-group confirmatory factor analysis (MGCFA). To capture the fact that specific pairs of items loading on a given higher-order value factor were originally developed to measure a particular basic value (and may, therefore, be more similar to each other than to the other items measuring the same higher-order value), we released the correlations between the measurement errors of these item pairs for all the models presented below. For example, conservation was measured by six items including two conformity items, two tradition items, and two security items, thus, the error correlation of the two conformity items, the error correlation of the two tradition items, and the error correlation of the two security items were freed. In the case of self-transcendence, we freed the correlation between the two benevolence items and the errors of two (out of three) items measuring universalism (the importance of equality and tolerance), because the third universalism item measuring the importance of preserving nature involved a somewhat different facet of universalism.
Hedonism is located between openness to change and self-enhancement. Several studies consider it to be part of the openness to change higher-order value (see, e.g., Davidov et al. 2008 ). However, including hedonism to any higher-order value may be problematic, because the theory indicates that it is located between two higher-order values openness to change and self-enhancement, rather than belonging to either of them. Thus, we ran our models for openness to change twice, that is, with and without the hedonism value.
2
We evaluated the model fit based on the cut-off criteria proposed in the literature by Hu and Bentler (1999) and Marsh, Hau, and Wen (2004) and regarded root mean square error of approximations (RMSEA) and standardized root mean square residuals (SRMR) smaller than .08 and comparative fit indices larger than .90 as indications of an acceptable model fit.
Acceptable model fit allows us to consider each of the four higher-order latent variables as meaningful representations of our four higher-order values that may be used in further analysis. We did not test for invariance at this stage. Next, we tested for approximate measurement invariance of each of the four higher-order values.
In the approximate invariance tests we set the prior means of the differences between loadings and intercepts across countries to zero and the prior of the variance to .05. Then, we ran additional robustness checks in which we also used a more restrictive prior of .01 and a less restrictive prior of .1 for each higher-order value and in each ESS round. We estimated the correlations between the country rankings derived from the value latent means in each of these analyses to determine how sensitive the value mean rankings of the countries were to If approximate invariance could not be established across all 15 countries, we inspected the difference output (provided by the software package Mplus). In the difference output we we determined, for each higher-order value, those items with loadings and/or intercepts that are significantly noninvariant (i.e., deviating significantly from the average parameter across groups). Based on these results, a subset of countries with only small deviations from the average parameter could be identified in each round. Models for higherorder values were run on these particular subsets of countries. By using this procedure we tried to identify ,in a rather explorative way, the largest country subsets. However, also other smaller subsets of invariant countries may be selected. All analyses were conducted using the software package Mplus 7.3 Muthén 1998-2014) . Table 3 presents the global fit measures of the MGCFA analyses (configural invariance models without constraints) for each higher-order value in each round separately.
Results
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Models for conservation, self-transcendence, and self-enhancement fit the data well. The RMSEA indices for the openness to change value that included the hedonism items were somewhat above the cut-off criteria in all rounds, so we reanalyzed the openness to change models without the hedonism items. This model fit the data very well. Furthermore, all factor loadings were considerable and exceeded 0.4 for all items (Brown 2015). Table 4 presents the global fit measures for the approximate measurement invariance test across 15 countries of each higher-order value and in each ESS round separately with a prior variance that equals .05 (the results for the 0.1 and 0.01 prior variances are presented in Appendix A). It turned out that models for self-enhancement and openness to change (without hedonism) fit the data quite well in almost all rounds (with three boundary cases: selfenhancement in the sixth Round and openness to change in the first and fourth Rounds). In other words, the two higher-order values displayed approximate measurement invariance. However, the models for self-transcendence and conservation displayed a rather poor fit to the data. 4 Choosing a more liberal prior of 0.1 did not improve the fit sufficiently. In agreement with previous findings (e.g., Davidov et al. 2008) , the loadings of all items were usually approximately invariant across most countries in all rounds and for all higher-order values.
3 We enclose an Appendix with detailed results. Further details about the models and results may be available from the first author upon request. 4 The full output is available from the first author upon request.
However, results showed that most intercepts in the higher-order values self-transcendence and conservation were noninvariant. This output can guide us in the selection of subsets of countries in which approximate invariance can be established for each round by allowing us to specifically identify a subset of countries with no significant deviation of loadings and/or intercepts from the average.
Depending on the research goals and the analyses performed, it can be done for analyses on a given round or on all rounds simultaneously. The output presented in Appendix B is based on the analyses using priors of .05. Different priors may lead to identifying a slightly different subset of invariant countries.
For self-transcendence and conservation values we selected, from this output, those countries in each round whose intercepts differed least from the average, and we ran an approximate invariance test on these countries to confirm this observation. Finally, after confirming full or partial scalar approximate invariance for these subgroups of countries, we listed them in Table 5 . In order to test the robustness of our results we estimated the correlations between the country mean rankings for each higher-order value and round derived from the latent means estimated in models with different priors. Results remained intact and country mean rankings remained practically stable (correlations of the mean rankings varied between .983 and 1.000). All correlations and latent means obtained in models with different priors are presented in Appendix A.
Discussion
Measurement invariance is a necessary precondition for all meaningful comparisons across groups. In particular, scalar invariance is a precondition for meaningful mean comparisons across groups. The traditional approach usually applied to test for measurement invariance (the so-called exact measurement invariance approach) often leads to the rejection of scalar measurement invariance. As a consequence, all comparisons employing observed means, composite means, and latent means may be biased (Millsap 2011 , Steinmetz 2011 . Previous measurement invariance tests of the PVQ-21 scale, a human values measure which has been included in all ESS rounds and which has been extensively used by diverse researchers, also failed to demonstrate full or even partial scalar invariance properties. This was particularly unfortunate because, based on this result, cross-cultural researchers who were interested in comparing value scores across individuals and groups could not do so in a meaningful way. exact measurement invariance. They suggested that traditional exact measurement invariance tests may be too strict and that approximate measurement invariance tests may conclude that concepts are after all comparable. In the current study we subjected the PVQ-21 scale included in the ESS to a repeated and rigorous test of measurement invariance in the first six ESS rounds. However, this time we tested for approximate rather than exact measurement invariance and examined it for those countries that participated in all of the first six ESS rounds.
Our results revealed that approximate invariance of openness to change and selfenhancement was established across all countries in all ESS rounds, and subsets of countries could be identified where full or partial approximate scalar invariance was supported for selftranscendence and conservation. Thus, we could determine two values, self-enhancement and openness to change, where approximate scalar invariance was supported by the data and where comparisons of mean scores may be meaningfully conducted across all countries. In addition, we determined two values, self-transcendence and conservation, whose means may be compared across quite a large subset of countries.
Our study is not free of limitations. We conducted all analyses under the assumption that .05 variance of the difference in parameters is small enough not to distort substantive conclusions. We based our assumption on simulation studies conducted by Muthén and Asparouhov (2013) and Van de Schoot et al. (2013) . However, the study of Van de Schoot indicated that a prior of .05 may lead to biased conclusions in specific circumstances. Thus, in order to test the robustness of our results, we ran additional models with a more restrictive prior (0.01) and a less restrictive prior (0.1). Our conclusions were essentially the same, and country mean ranking remained stable with different priors. Nevertheless, further simulation studies are needed to establish fixed criteria for the selection of the size of the prior variance.
Another issue still awaiting further research are the criteria for evaluating approximate measurement invariance models. We based our model evaluations on the criteria proposed by Muthén and Asparouhov (2013) and Van de Schoot et al. (2013) , but further evaluation criteria would be useful for allowing a more precise determination of the fit of models assessing approximate measurement invariance to the data (see also Meuleman 2012; Oberski 2014; Kuha and Moustaki 2015) . Furthermore, future studies should address in more detail the robustness of the global fit measures ppp and CI to sample size. Finally, although we suggested that specific countries are equivalent, we did not try to systematically explain why specific countries were not invariant for two of the four higher-order values. At first sight, there seems to be little in common among countries which turned out to be approximately invariant. Indeed, both methodological and substantive reasons could affect the item functioning of specific items differently across countries and time points (Davidov et al. , 2016 . Future studies may try to provide explanations for such patterns. Finally, an even more rigorous test could examine invariance properties across all time points and countries simultaneously. This would imply a particularly large number of groups included in the test, and it may lead to computational problems (Zercher et al. 2015) . However, such a test may be necessary, if one wishes to conduct mean comparisons meaningfully both across countries and time points.
In sum, our findings may stimulate further comparative substantive research on values using ESS data. Such research has been, thus far, hindered by the results obtained by Davidov et al. (2008) regarding the lack of scalar measurement invariance of values. Establishing approximate invariance provides an opportunity to bridge the gap allowing value research to move forward. In our analyses, approximate invariance was established for two higher-order values across all countries and for the two remaining higher-order values across most countries. These findings are somewhat more promising than those obtained using the stricter exact measurement invariance procedure in previous studies. In fact, the current findings challenge, at least to some extent, the previous rather disappointing conclusions on the crosscountry invariance properties of human values as measured in the European Social Survey. Furthermore, the current findings suggest that it may be insightful to use the method and test for approximate measurement invariance in different national and international large datagenerating programs also for other relevant theoretical constructs measured by multiple indicators such as trust, subjective well-being or various attitudes for which exact measurement invariance has been rejected in previous studies. Indeed, approximate measurement invariance test may succeed to establish invariance where exact tests have failed to do so. Table 1 The 10 basic human values, four higher-order values, and the PVQ-21 items in the ESS (male version) to measure these values with their labels (the number before each question item refers to the placement of that item in the PVQ-21 questionnaire) The following items were dropped from the analysis because they were noninvariant in many countries and rounds: The importance of the environment item for the selftranscendence value; and the importance of following rules and being modest for the conservation value (a detailed technical report is available from the first author upon request).
Poland had to be dropped from the analysis of self-transcendence in the 6th ESS round to reach convergence.
